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+LJK�EDQGZLGWK�DSSOLFDWLRQV�UHTXLUH�ODUJH�DPRXQWV�RI�GDWD�WUDQVIHUUHG�WR�IURP
VWRUDJH�GHYLFHV� DW� H[WUHPHO\�KLJK�GDWD� UDWHV�� � )XUWKHU�� WKHVH� DSSOLFDWLRQV� RIWHQ
DUH� 
UHDO�WLPH
�� LQ� ZKLFK� DFFHVV� WR� WKH� VWRUDJH� GHYLFH� PXVW� WDNH� SODFH� RQ� WKH
VFKHGXOH� RI� WKH� GDWD� VRXUFH�� QRW� WKH� VWRUDJH�� � $� JRRG� H[DPSOH� LV� D� VDWHOOLWH
GRZQOLQN� �� WKH� YROXPH� RI� GDWD� LV� TXLWH� ODUJH� DQG� WKH� GDWH� UDWHV� TXLWH� KLJK
�GR]HQV� RI�0%�VHF�� W\SLFDOO\��� � )XUWKHU�� D� WHOHPHWU\� GRZQOLQN�PXVW� WDNH� SODFH
ZKLOH�WKH�VDWHOOLWH� LV�RYHUKHDG�� �RQFH� LW�SDVVHV�RYHU�WKH�KRUL]RQ�WKH� WHOHPHWU\� LV
ORVW�IRUHYHU�

$� VWRUDJH� WHFKQRORJ\� ZKLFK� LV� LGHDOO\� VXLWHG� WR� WKHVH� W\SHV� RI� DSSOLFDWLRQV� LV
5$,'� �5HGXQGDQW�$UUD\V� RI� ,QGHSHQGHQW�'LVNV��� � 7KH� FRQFHSWV� RI� 5$,'�ZHUH
SUHVHQWHG� LQ� DQ� DFDGHPLF� SDSHU� IURP� WKH� 8QLYHUVLW\� RI� &DOLIRUQLD
V� %HUNHOH\
FDPSXV� LQ� WKH� PLG�����V�� � 7KLV� SDSHU� �RIWHQ� UHIHUUHG� WR� DV� WKH� 
5$,'� SDSHU
�
RIIHUHG� ILYH�GLIIHUHQW�DUFKLWHFWXUHV��FROORTXLDOO\�UHIHUUHG� WR�DV� WKH� 
5$,'� OHYHOV
�
(DFK�5$,'� OHYHO��QXPEHUHG�RQH� WKURXJK�ILYH��GHILQHG�D�GLIIHUHQW�PHWKRGRORJ\
IRU� XVLQJ� PXOWLSOH� GLVNV� JURXSHG� WRJHWKHU� WR� LPSURYH� SHUIRUPDQFH� DQG� RIIHU
UHGXQGDQF\�� �(DFK�RI� WKH� OHYHOV�KDG�GLVWLQFW� VWUHQJWKV� DQG�ZHDNQHVVHV�� � ,W� LV� D
IDOODF\� WR� EHOLHYH� WKH� 5$,'� OHYHOV� ZLWK� KLJKHU� QXPEHUV� �H�J�� 5$,'��� YHUVXV
5$,'���� DUH� VXSHULRU�� � WKH� LGHDO� 5$,'� OHYHO� IRU� DQ� DSSOLFDWLRQ� YDULHV� ZLWK
DSSOLFDWLRQV���RQH�DSSOLFDWLRQ�PD\�ILQG�5$,'���EHVW�VXLWHG��5$,'���IRU�DQRWKHU�
DQG�\HW�DQRWKHU�DSSOLFDWLRQ
V�EHVW�FKRLFH�PD\�EH�5$,'���

5$,'�/HYHOV

5$,'��� LV�FODVVLF�GLVN�PLUURULQJ�� LQ�ZKLFK�HYHU\�GLVN�KDV�D�PLUURU� LPDJH�RI� LWV
GDWD�VWRUHG�RQ�DQRWKHU�GLVN�� �7KLV�OHYHO�ZDV�WKH�IUDPH�RI�UHIHUHQFH�LQ�WKH�5$,'
SDSHU�� � 0LUURULQJ� KDV� EHHQ� DURXQG� IRU� VRPH� WLPH�� SULPDULO\� LQ� PDLQIUDPH
FRPSXWLQJ���,WV�VWUHQJWKV�DUH�UHGXQGDQF\�DQG�SHUIRUPDQFH���$Q\�VLQJOH�GULYH�LQ



DQ\�JLYHQ�GDWD�SDLU�PD\�IDLO�DQG�WKH�GLVN�V\VWHP�ZLOO�UHPDLQ�DFFHVVLEOH��WKRXJK
DW�D�UHGXFHG�SHUIRUPDQFH�OHYHO���%HFDXVH�WKHUH�DUH�WZR�GLVNV�IRU�DQ\�JLYHQ�SLHFH
RI�GDWD��UHDG�SHUIRUPDQFH�LV�TXLWH�JRRG�DV�DQ\�WZR�DUELWUDU\�UHTXHVWV�IRU�D�VLQJOH
ORJLFDO�GLVN�FDQ�EH�VHUYLFHG�VLPXOWDQHRXVO\�RQ�WZR�SK\VLFDO�GLVNV���+RZHYHU��WKH
FRVW�IRU�PLUURULQJ�LV�TXLWH�KLJK���HVVHQWLDOO\�D������SUHPLXP�VLQFH�HYHU\�GLVN�LV
GXSOLFDWHG�� � 7KH� SRZHU�� FRROLQJ�� DQG� SDFNDJLQJ� FRVWV� DUH� DOVR� TXLWH� KLJK�
5HOLDELOLW\�LV�DOVR�KDOYHG�EHFDXVH�RI�WKH�GXSOLFDWLRQ�RI�GLVNV�

5$,'���DQG� ��� VWULSH�XVHU�GDWD�DFURVV�D�JURXS�RI�GDWD�GULYHV� �W\SLFDOO\� IRXU�RU
HLJKW�GULYHV�SHU�JURXS����(YHU\�EORFN�RI�XVHU�GDWD�LV�VWULSHG��W\SLFDOO\�D�E\WH�DW�D
WLPH��UHVXOWLQJ�LQ�DOO�WKH�GDWD�GLVNV�VHUYLFLQJ�HYHU\�XVHU�GDWD�UHTXHVW�LQ�SDUDOOHO�
7KLV� UHVXOWV� LQ� H[WUHPHO\� KLJK� GDWD� WUDQVIHU� UDWHV�� VLQFH� PXOWLSOH� GLVNV� DUH
WUDQVIHUULQJ� GDWD� VLPXOWDQHRXVO\�� � 5$,'��� DQG� ��� GLIIHU� LQ� WKHLU� UHGXQGDQF\
PHWKRGRORJLHV�� � 5$,'��� XVHV� PXOWLSOH� GLVNV� WR� LPSOHPHQW� D� +DPPLQJ� HUURU
GHWHFWLRQ�DQG�FRUUHFWLRQ�FRGH����7KH�FRGHV�VWRUHG�RQ�D�5$,'��
V�UHGXQGDQW�GLVNV
ZHUH�JHQHUDWHG�IURP�WKH�GDWD�RQ�WKH�GDWD�GLVNV���5$,'���XVHV�D�VLQJOH�UHGXQGDQW
GLVN� WR� VWRUH� D� HUURU� FRUUHFWLRQ� FRGH� JHQHUDWHG� E\� FDOFXODWLQJ� WKH� ORJLFDO
H[FOXVLYH�RU�RI�WKH�GDWD�RQ�WKH�GDWD�GLVNV�� �%HFDXVH�5$,'�FRQWUROOHU� WHFKQRORJ\
GRHVQ
W�UHTXLUH�WKH�XVH�RI�D�+DPPLQJ�FRGH�WR�GHWHFW�D�IDLOHG�GULYH��5$,'���KDVQ
W
IRXQG�FRPPHUFLDO�DFFHSWDQFH�DV�LW�LV�PRUH�FRVWO\�WKDQ�5$,'���

5$,'��� DQG� 5$,'��� DOVR� VWULSH� XVHU� GDWD� DFURVV� D� JURXS� RI� GDWD� GULYHV�
+RZHYHU��LQVWHDG�RI�VWULSLQJ�HYHU\�EORFN�RI�GDWD�DFURVV�DOO�GULYHV��HDFK�EORFN��RU
VRPHWLPHV�JURXSV�RI�EORFNV��LV�VWRUHG�HQWLUHO\�RQ�DQ�LQGLYLGXDO�GLVN���7KLV�UHVXOWV
LQ�JRRG�WUDQVDFWLRQ�SHUIRUPDQFH�DV�HDFK�GLVN� LQ�WKH�JURXS�FDQ�VHUYLFH�VHSDUDWH
UHTXHVWV� IRU� LQGLYLGXDO� EORFNV�� VLPXOWDQHRXVO\�� � 5$,'��� DQG� ��� GLIIHU� LQ� WKH
PHWKRGRORJ\�XVHG�IRU�VWRULQJ�WKH�HUURU�FRUUHFWLRQ�FRGHV���%RWK�XVH�WKH�H[FOXVLYH�
RU�FRGH�DV�XVHG�LQ�5$,'�����5$,'���GHGLFDWHV�RQH�GULYH�IRU�WKH�HUURU�FRUUHFWLRQ
FRGHV�ZKLOH�5$,'���URWDWHV�WKH�FRGHV�WKURXJKRXW�DOO�GULYHV�LQ�WKH�DUUD\���5$,'��
KDV�EHWWHU�ZULWH�SHUIRUPDQFH�EHFDXVH�RI� WKLV�URWDWLRQ�DV� WKHUH� LV� OHVV�FRQWHQWLRQ
IRU�DFFHVV�WR�WKH�UHGXQGDQW�FRGHV�

7KH�5LJKW�5$,'�/HYHO�IRU�+LJK�%DQGZLGWK�$SSOLFDWLRQV

5HDO�WLPH��KLJK�EDQGZLGWK�DSSOLFDWLRQV�UHTXLUH�WKH�IROORZLQJ�IURP�GLVN�VWRUDJH�
KLJK�VXVWDLQHG�GDWD� WUDQVIHU�UDWH�XQGHU�DOO�QRUPDO�RSHUDWLQJ�FRQGLWLRQV�� �2I�DOO
WKH�5$,'�OHYHOV��RQO\�5$,'���ILWV�WKH�SURILOH�

5$,'��� DQG� 5$,'��� GRQ
W� ILW� EHFDXVH� WKHLU� SHUIRUPDQFH� FKDUDFWHULVWLFV� DUH
GHVLJQHG�IRU�GHOLYHULQJ�D�ODUJH�QXPEHU�RI�LQGHSHQGHQW�UHTXHVWV��KLJK�,�2V�SHU



VHFRQG����7KHVH�5$,'�OHYHOV�RSHUDWH�EHVW�ZKHQ�HDFK�GLVN�LV�VHUYLFLQJ�D�VHSDUDWH
UHTXHVW�� � +RZHYHU�� KLJK� EDQGZLGWK� DSSOLFDWLRQV� DUH� FKDUDFWHUL]HG� E\� ODUJH
VHTXHQWLDOO\� VWRUHG� GDWD� VHWV�� � )RU� VXFK� GDWD� VHWV�� WUDQVIHU� UDWH� �PHDVXUHG� LQ
0%�VHF�� LV� WKH� LPSRUWDQW�PHWULF��QRW� ,�2V�SHU�VHFRQG�� �$OVR��ERWK�5$,'���DQG
5$,'��� KDYH� VHYHUH� SHUIRUPDQFH� GHJUDGDWLRQV� DIWHU� D� GULYH� IDLOXUH�� ZKLFK� LV
FRQVLGHUHG� D� QRUPDO� RSHUDWLQJ� FRQGLWLRQ� LQ� 5$,'� GLVN� DUUD\V�� � )RU� UHDO�WLPH
DSSOLFDWLRQV�WKLV�LV�XQDFFHSWDEOH�DV�LW� LV� LPSHUDWLYH�WKDW�WKH�5$,'�VXEV\VWHP�EH
DEOH� WR� VHUYLFH� DQ\� UHTXHVW�� � DW� DQ\� WLPH�� UHJDUGOHVV� LI� WKHUH� KDV� EHHQ� D� GULYH
IDLOXUH�

5$,'���ILWV�IRU�WZR�SULPDU\�UHDVRQV���)LUVW��EHFDXVH�DOO�XVHU�GDWD�LV�VWULSHG�DFURVV
DOO�GULYHV��WUDQVIHU�UDWH�LV�YHU\�KLJK���7KLV�LV�WUXH�IRU�HLWKHU�UHDGLQJ�RU�ZULWLQJ���,Q
JHQHUDO�� D� 5$,'��� GLVN� DUUD\� ZLOO� KDYH� D� VXVWDLQHG� WUDQVIHU� UDWH� HTXDO� WR� WKH
SURGXFW�RI�VXVWDLQHG�WUDQVIHU�UDWH�RI�WKH�GLVNV�XVHG�LQ�WKH�DUUD\�DQG�WKH�QXPEHU
RI� GDWD� GULYHV� LQ� WKH� DUUD\�� � 6HFRQG�� 5$,'��� GRHVQ
W� VXIIHU� DQ\� SHUIRUPDQFH
GHJUDGDWLRQ� DIWHU� D�GULYH� IDLOV�� � %HFDXVH� DOO� RI� WKH� GULYHV� DUH� DFFHVVHG� IRU� HDFK
GDWD� UHTXHVW�� WKHUH� DOZD\V� LV� VXIILFLHQW� LQIRUPDWLRQ� EHLQJ� WUDQVIHUUHG� IURP� WKH
DUUD\�WKDW�FDQ�EH�FRPELQHG�ZLWK�WKH�HUURU�FRUUHFWLRQ�FRGH��ZKLFK�LV�DOVR�DOZD\V
WUDQVIHUUHG� RQ� HYHU\� GDWD� UHTXHVW�� WR� JHQHUDWH� WKH� IDLOHG� GULYH
V� GDWD�� � 6SHFLDO
KDUGZDUH� RQ� D� 5$,'��� FRQWUROOHU� LV� DEOH� WR� SHUIRUP� WKH� IDLOHG� GULYH
V� GDWD
UHFRQVWUXFWLRQ�RQ�WKH�IO\��ZLWK�QR�SHUIRUPDQFH�ORVV�

2WKHU�)DFWRUV�WR�&RQVLGHU

,Q� DGGLWLRQ� WR� WKH� PHGLD� UHGXQGDQF\� LQKHUHQW� LQ� 5$,'�� RWKHU� VXEV\VWHP
FRPSRQHQWV� VKRXOG� EH� SURWHFWHG� DJDLQVW� IDLOXUH�� � )RU� LQVWDQFH�� PRVW� 5$,'
VXEV\VWHPV� LQFOXGH�$&� WR� '&� SRZHU� VXSSOLHV�� � 7KHVH� XQLWV� KDYH� IDLOXUH� UDWHV
VLPLODU� WR� GLVN� GULYHV�� � 3RZHU� VXSSO\� UHGXQGDQF\� VKRXOG� DOVR� EH� FRQVLGHUHG�
2QH�JRRG� DSSURDFK� LV� WR� LQFRUSRUDWH�GXDO�� ORDG�VKDULQJ�SRZHU� VXSSOLHV� LQ� WKH
5$,'�VXEV\VWHP���(DFK�SRZHU�VXSSO\�KDV�VXIILFLHQW�SRZHU�WR�RSHUDWH�WKH�HQWLUH
VXEV\VWHP�LQ�FDVH�WKH�RWKHU�VKRXOG�IDLO�

$QRWKHU� VXEV\VWHP� FRPSRQHQW� ZRUWK� FRQVLGHULQJ� IRU� UHGXQGDQF\� DUH� WKH
FRROLQJ�IDQV���)DQV��EHLQJ�D�PHFKDQLFDO�GHYLFH��DUH�DOVR�SURQH�WR�IDLOXUHV���$�5$,'
VXEV\VWHP�FDQ�LQFRUSRUDWH�UHGXQGDQW�IDQV�WR�SURWHFW�DJDLQVW�RYHUKHDWLQJ�LQ�FDVH
RI�D�IDQ�IDLOXUH�

$OO� UHGXQGDQW� FRPSRQHQWV�� GULYHV�� SRZHU� VXSSOLHV�� DQG� FRROLQJ� IDQV�� FDQ
VXSSRUW� 
KRW� VZDSSLQJ
�� � +RW� VZDSSLQJ� LV� WKH� DELOLW\� WR� UHSODFH� D� IDLOHG
FRPSRQHQW�ZLWKRXW�VKXWWLQJ�WKH�VXEV\VWHP�GRZQ�RU�WDNLQJ�LW�RIIOLQH�� �0RVW�KRW



VZDS� FRPSRQHQWV� ZLOO� EH� KRXVHG� LQ� FDQLVWHUV� RU� FDUULHUV� ZKLFK� VOLGH� LQWR� WKH
5$,'�VXEV\VWHP�

$QRWKHU�IDFWRU�WR�FRQVLGHU�LV�WKH�KRVW�LQWHUIDFH���7KH�KRVW�LQWHUIDFH�GLUHFWO\�DIIHFWV
WKH�SHUIRUPDQFH�D�5$,'�GLVN�DUUD\�ZLOO�EH�DEOH� WR�GHOLYHU�� �7KH�PRVW� FRPPRQ
LQWHUIDFH�IRXQG�LV�6&6,�����,W�LV�D����ELW�ZLGH�SDUDOOHO�LQWHUIDFH�ZKLFK�FORFNV�GDWD
DW����0+=�IRU�D�EXUVW�UDWH�RI����0%�VHF���6XVWDLQHG�UDWHV�RI�RYHU����0%�VHF�DUH
SRVVLEOH�ZLWK�6&6,���5$,'���GLVN�DUUD\�

7KH� VXFFHVVRU� WR� 6&6,���� 6&6,���� LQFOXGHV� D� SHUIRUPDQFH� LPSURYHPHQW� WR� ��
0%�VHF�� � 7KLV� FDSDELOLW\�� VRPHWLPHV� UHIHUUHG� WR� DV� 8OWUD6&6,�� LV� EDFNZDUG
FRPSDWLEOH�ZLWK�6&6,���� � 6&6,���XVHV� WKH� VDPH����ELW�ZLGH�SDUDOOHO� LQWHUIDFH� DV
6&6,���� EXW�GDWD� LV� FORFNHG�DW� ���0+]�� LQVWHDG�RI� 6&6,��
V� ���0+]�� �8OWUD6&6,
5$,'���GLVN�DUUD\V�DUH�FDSDEOH�RI�VXVWDLQHG�GDWD�UDWHV�LQ�H[FHVV�RI����0%�VHF�

$QRWKHU� LQWHUIDFH�ZKLFK� RIIHUV� H[FHOOHQW� KLJK� EDQGZLGWK� SHUIRUPDQFH� LV� )LEUH
&KDQQHO���7KLV�LV�D�VHULDO�LQWHUIDFH�ZKLFK�LV�FORFNHG�DW���*ELW�VHF�ZLWK�D�VXVWDLQHG
LQWHUIDFH� FDSDELOLW\�RI�����0%�VHF�� �)LEUH�&KDQQHO� LV�QRW�SK\VLFDOO\� FRPSDWLEOH
ZLWK�6&6,���RU����EXW�LV�VRIWZDUH�FRPSDWLEOH���)LEUH�&KDQQHO�VXSSRUWV�D�QXPEHU
RI� VRIWZDUH� SURWRFROV� ZKLFK� DUH� HQFDSVXODWHG� LQ� 
IUDPHV
� ZKLFK� DUH� WKH� GDWD
SDFNHWV� WKDW� DUH� WUDQVIHUUHG� EHWZHHQ� )LEUH� &KDQQHO� QRGHV�� � 6&6,� LV� RQH� RI� WKH
VRIWZDUH�SURWRFROV�VXSSRUWHG�� �7KH� ILUVW�)LEUH�&KDQQHO�FRPSDWLEOH�5$,'���GLVN
DUUD\V� DUH� EHFRPLQJ� DYDLODEOH� LQ� ����� ZLWK� VXVWDLQHG� GDWD� UDWHV� RI� QHDUO\� ��
0%�VHF�

$�JRRG�H[DPSOH�RI�KLJK�EDQGZLGWK�5$,'���GLVN�DUUD\V�DUH�WKRVH�DYDLODEOH�IURP
&LSULFR��,QF���0LQQHDSROLV��01����&LSULFR�RIIHUV�D�IXOO�OLQH�RI�KLJK�EDQGZLGWK�GLVN
DUUD\V�ZKLFK�DUH�ZHOO�VXLWHG�WR�UHDO�WLPH��KLJK�EDQGZLGWK�DSSOLFDWLRQV���&LSULFR
V
DUUD\V�DOO�RIIHU�KLJK�GDWD� WUDQVIHU� UDWH��QR�SHUIRUPDQFH�GHJUDGDWLRQ�DIWHU�GULYH
IDLOXUHV��DQG�PHGLD�UHGXQGDQF\�� �7KHUH�DUH�D�QXPEHU�RI� LQWHUIDFH�� UHGXQGDQF\�
DQG� FDSDFLW\� RSWLRQV�� GHVLJQHG� WR� VXSSRUW� D� YDULHW\� RI� DSSOLFDWLRQV�� � 7DEOH� �
VXPPDUL]HV�WKH�FDSDELOLWLHV�RI�&LSULFR
V�GLVN�DUUD\V�
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7DEOH� �� �� &LSULFR
V� 5$,'��� GLVN� DUUD\V� RIIHU� D� YDULHW\� RI� SHUIRUPDQFH� DQG
UHGXQGDQF\�RSWLRQV���8VHUV�FDQ�VHOHFW�DQ�DUUD\�ZKLFK�EHVW�ILWV�WKHLU�DSSOLFDWLRQ�

6XPPDU\

+LJK�EDQGZLGWK�DSSOLFDWLRQV�UHTXLUH�KLJK�VXVWDLQHG�GDWD�WUDQVIHU�UDWHV�XQGHU�DOO
RSHUDWLQJ� FRQGLWLRQV�� � 5$,'� VWRUDJH� WHFKQRORJ\�� ZKLOH� RIIHULQJ� GLIIHULQJ
PHWKRGRORJLHV� IRU� D� YDULHW\� RI� DSSOLFDWLRQV�� VXSSRUWV� WKH� SHUIRUPDQFH� DQG
UHGXQGDQF\� UHTXLUHG� LQ� UHDO�WLPH� DSSOLFDWLRQV�� � 2I� WKH� YDULRXV� 5$,'� OHYHOV�
5$,'��� LV� WKH� RQO\� RQH� ZKLFK� SURYLGHV� KLJK� GDWD� WUDQVIHU� UDWH� XQGHU� DOO
RSHUDWLQJ�FRQGLWLRQV��LQFOXGLQJ�DIWHU�D�GULYH�IDLOXUH�


